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The transmission of simian immunodeficiency and Ebola viruses to humans in recent years has
heightened awareness of the public health significance of zoonotic diseases of primate origin, particularly
from chimpanzees. In this study, we analyzed 71 fecal samples collected from 2 different wild chimpanzee
(Pan troglodytes) populations with different histories in relation to their proximity to humans. Campylo-
bacter spp. were detected by culture in 19/56 (34%) group 1 (human habituated for research and tourism
purposes at Mahale Mountains National Park) and 0/15 (0%) group 2 (not human habituated but
propagated from an introduced population released from captivity over 30 years ago at Rubondo Island
National Park) chimpanzees, respectively. Using 16S rRNA gene sequencing, all isolates were virtually
identical (at most a single base difference), and the chimpanzee isolates were most closely related to
Campylobacter helveticus and Campylobacter upsaliensis (94.7% and 95.9% similarity, respectively). Whole-
cell protein profiling, amplified fragment length polymorphism analysis of genomic DNA, hsp60 sequence
analysis, and determination of the mol% G+C content revealed two subgroups among the chimpanzee
isolates. DNA-DNA hybridization experiments confirmed that both subgroups represented distinct
genomic species. In the absence of differential biochemical characteristics and morphology and identical
16S rRNA gene sequences, we propose to classify all isolates into a single novel nomenspecies, Campylo-
bacter troglodytis, with strain MIT 05-9149 as the type strain; strain MIT 05-9157 is suggested as the
reference strain for the second C. troglodytis genomovar. Further studies are required to determine whether
the organism is pathogenic to chimpanzees and whether this novel Campylobacter colonizes humans and

causes enteric disease.

Humans are coming into closer proximity with wild primates
for a variety of reasons, including habitat fragmentation and
loss from deforestation, forest encroachment, competition for
food and natural resources, bushmeat hunting, and expanding
research and ecotourism activities. Evidence that humans and
great apes are exchanging microorganisms due to socioecologi-
cal practices and ecological overlap is accumulating at an
alarming rate. Unknowingly, they may become links in each
others’ host-pathogen cycles. Infectious disease transmission
from humans to chimpanzees (Pan troglodytes) and gorillas
(Gorilla gorilla), in particular, is becoming more of a concern,
with the Red List from the World Conservation Union (IUCN)
classifying them as endangered and critically endangered spe-
cies, respectively, and with pathogenic organisms undoubtedly
expected to contribute to declines in wild ape populations and
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possibly even to contribute to species decimation (21, 23, 27,
54, 55, 57).

Surveillance and reporting of known, uncommon, and new
infectious agents in wild primate populations are increasingly
important. In 2001, campylobacteriosis, salmonellosis, and
shigellosis in free-ranging human-habituated mountain gorillas
in Uganda were reported (33). In 2007, Escherichia coli strains
isolated from habituated chimpanzees were genetically more
similar to isolates obtained from humans employed in chim-
panzee research and tourism than to E. coli isolates obtained
from humans in a local village with no regular interactions with
these chimpanzees (10).

In our study, we cultured feces for Campylobacter species in
2 groups of wild chimpanzees residing in different National
Parks in Tanzania. One group has lived in close proximity to
humans studying their behavior and ecology for over 40 years,
and in more recent years, to humans involved in ecotourism
activities (32). The second group is not habituated to humans
and does not tolerate contact with humans for any length of
time. It is comprised of chimpanzees once held in captivity and
introduced into the wild in the late 1960s and/or their offspring.
In this report, we characterize by phenotypic, genotypic, and
phylogenetic analyses a novel species of Campylobacter, Cam-
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pylobacter troglodytis, which was isolated from the feces of
human-habituated chimpanzees.

MATERIALS AND METHODS

Animals. Two different groups of wild chimpanzees (Pan troglodytes) from
Tanzania National Parks were studied. Group 1 consisted of individually
identified chimpanzees (Pan troglodytes schweinfurthii) that reside in the
Mahale Mountains National Park in western Tanzania (latitude 6°S, longi-
tude 30°E). They belong to the M group, a group of chimpanzees that have
been reported to have loose stools with fluid consistency over the past 14
years and intermittent respiratory illnesses (12, 20, 32). The M group is
habituated to human presence and tolerates observation from close proximity
for extended periods. They are regularly observed by local trackers and
guides, as well as tourists and researchers from around the world. The M
group was once comprised of 101 individuals and is now estimated to contain
only 63 individuals (21, 32). At the time of the study, there were no clinical
signs of disease in group 1. Chimpanzees in group 2 live in Rubondo Island
National Park, which is surrounded by Lake Victoria (latitude 2°S, longitude
31°E). They originated from a group of 17 chimpanzees that were released
from captivity between 1966 and 1969. All 17 introduced chimpanzees were
born in the wild, but prior to their release, they were reportedly housed for
between 3.5 months and 9 years in various European zoos. There has been
little to no human contact with these animals since the time of their release,
and they do not tolerate observation or close proximity to humans for any
period of time. Most of the group 2 chimpanzees cannot be individually
recognized. Group 2 chimpanzees have been reported to have intermittent
loose and watery stools during the past several years. The studies were
approved by the Institutional Animal Care and Use Committee.

Fecal samples. All feces were collected noninvasively as part of a long-term
chimpanzee health-monitoring program. Only fresh, uncontaminated feces
were collected from the forest floor. Fecal consistency was recorded as firm,
loose, or watery, and fecal occult blood testing was performed on each sample
using Hemoccult tests (Beckman Coulter, Fullerton, CA). A total of 71 fecal
samples were obtained. From group 1, during June 2005, 56 samples were
collected from 29 individuals: 13 males (7 adults, 4 adolescents, and 2 juve-
niles) and 16 females (8 adults, 3 adolescents, and 5 juveniles); their feces
were collected immediately after the chimps were observed defecating to
preclude contamination. From group 2, 15 fecal samples were collected on 6
different days between August 2004 and February 2005. Only fresh feces
(none older than 12 h) were collected where chimpanzee origin was con-
firmed by directly observing defecation, finding feces directly under chimpan-
zee night nests, or immediate chimpanzee tracking after chimpanzee vocal-
ization and subsequent collection without direct observation of defecation.
Of the 15 samples from group 2, 8 were collected from different individuals
who were directly observed defecating at one tracking location during a single
sighting of 11 chimpanzees. In an adjacent but different tracking location, 3
other samples were collected on a single day from under 3 different chim-
panzee night nests. Two samples were collected from 2 distant tracking
locations and were more than likely from 2 different individual chimpanzees.
In one case, chimps were heard vocalizing and were tracked, and a sample
was obtained without directly observing the individual defecating or finding
the specimen directly under a night nest. Since this population is not habit-
uated, genders and age groups for the samples are not known, and although
highly unlikely, it is possible that the same individual was sampled more than
once.

Using a clean wooden applicator stick, a small amount of feces, approximately
the size of a small grape, from each sample was placed in a 1-dram vial prefilled
with brucella broth with 20% glycerol. The fecal sample was totally submerged,
and the vial caps were tightened completely. The vials were stored frozen at
approximately —20°C in a solar-powered freezer. The freezer was closed tightly
and padlocked. The freezer temperature was monitored and recorded using
freezer minimum-maximum thermometers. Frozen samples were transported on
dry ice to the United States for analysis at the Division of Comparative Medicine,
Massachusetts Institute of Technology.

Bacterial isolation and biochemical characterization. Feces were homoge-
nized in 1 ml of phosphate-buffered saline (PBS), and aliquots were placed on
CVA (cefoperzone, vancomycin, and amphotericin B) plates or TVP (trim-
ethoprim, vancomycin, and polymyxin) plates and filtered through a 0.45-pm
filter onto Trypticase soy agar plates with 5% sheep blood. Selective-medium
plates were also used and were prepared as follows: blood agar base (Oxoid;
Remel), 5% horse blood (Quad Five, Ryegate, MT), 50 pg amphotericin
B/ml, 100 pg vancomycin/ml, 3.3 wg polymyxin B/ml, 200 pg bacitracin/ml,
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and 10.7 g nalidixic acid/ml. After incubation under microaerobic conditions
(the culture vessels were evacuated to 25 in. of mercury and filled with
80:10:10 N,-CO,-H,) at 37°C, suspect colonies were identified as presumptive
campylobacter based on colony morphology, biochemical reactions, phase
microscopy, and Gram staining.

Biochemical characterization of urease, catalase, and oxidase production, as
well as sensitivity to nalidixic acid and cephalothin, were conducted as previously
described by our laboratory (48). For other tests, the inoculum size was adjusted
to 10° CFU/ml, and bacteria were grown on a basal medium of brucella agar
supplemented with 5% horse blood according to the method of On and Holmes
(36). Tests for growth in the presence of 1% bile, 1% glycine, 0.1% selenite,
0.04% triphenyltetrazolium chloride (TTC), and salt were conducted as de-
scribed by On and Holmes (36). The method of Hwang and Ederer (14) was used
for hippurate hydrolysis. Nitrate reduction was conducted according to the
method of Cook (4). Discs were used for indoxyl acetate hydrolysis (35) and also
for alkaline phosphatase production (Rosco Diagnostica, Denmark). All cul-
tures were incubated for 3 days in a microaerobic environment. Control
cultures were Campylobacter jejuni 81-176 (bile, salt, hippurate, selenite,
TTC, nitrate, glycine, and growth at 42°C), Helicobacter canis type strain
(alkaline phosphatase), Helicobacter cinaedi type strain (alkaline phospha-
tase), Helicobacter pylori SS1 (bile, salt, hippurate, selenite, TTC, nitrate,
glycine, and growth at 42°C), and Campylobacter coli (hippurate hydrolysis).
Data for the reference species were taken from On et al. (37), Debruyne et
al. (5), Zanoni et al. (59), and Rossi et al. (42).

Genomic-DNA extraction for rRNA gene sequencing. For PCR of genomic
DNA, isolates were grown on blood agar plates, harvested, and washed once with
PBS, and a High Pure PCR template preparation kit (Roche Molecular Bio-
chemicals) was used for DNA extraction according to the manufacturer’s spec-
ifications.

Genus-specific PCR. Campylobacter genus-specific primers that amplified a
280-base product on the 16S rRNA gene were used as previously described (47).

16S rRNA sequence analysis. Amplification of the 16S rRNA cistrons, 16S
rRNA gene sequencing, and analysis of the 16S rRNA data were performed as
described elsewhere (6, 38). For alignment, the 16S rRNA gene sequences were
entered into RNA, a program designed and maintained at Forsyth Institute for
analysis of 16S rRNA. The database contains over 600 sequences for Helicobac-
ter, Wolinella, Arcobacter, and Campylobacter strains and >2,000 sequences for
other bacteria.

Whole-cell protein profiling. Strains were grown on Mueller-Hinton agar
supplemented with 5% sterile horse blood and incubated at 37°C for 48 h
under microaerobic conditions. Protein extraction and SDS-PAGE were per-
formed as described by Pot et al. (41). The similarity of the obtained nor-
malized SDS-PAGE patterns was determined by the Pearson correlation
coefficient, and clustering was performed by the unweighted pair group
method with arithmetic mean (UPGMA), using BioNumerics software ver-
sion 5.0 (Applied Maths).

AFLP analysis. Amplified fragment length polymorphism (AFLP) analysis
using the restriction enzyme combination HindIII/Hhal was performed as de-
scribed previously (5). The amplified and fluorescently labeled fragments were
loaded on a denaturing polyacrylamide gel on an ABI Prism 377 automated
sequencer. GeneScan version 3.1 software (Applied Biosystems) was used for
data collection, and the generated profiles were imported, using the CrvConv
filter, into BioNumerics version 4.61 (Applied Maths, Belgium) for normaliza-
tion and further analysis. After normalization, the obtained AFLP profiles were
imported into an in-house AFLP reference database containing profiles from
type and reference strains of all established Campylobacter species. The similarity
between profiles was determined by the Pearson correlation coefficient, and
cluster analysis was performed by UPGMA.

hsp60 sequence analysis. isp60 sequences were generated as described previ-
ously (5, 19). For tree construction, sequences were aligned using the ClustalX
software package (51), and clustering was performed by the neighbor-joining
method (45) using BioNumerics v. 5.1. Unknown bases were discarded for the
analysis. Bootstrap values were determined using 500 replicates.

DNA-DNA hybridization experiments. DNA-DNA hybridizations were per-
formed between strains MIT 05-9149" and MIT 05-9157. DNA was extracted
from 0.25 to 0.5 g (wet weight) cells as described by Pitcher et al. (40). DNA-
DNA hybridizations were performed with photobiotin-labeled probes in micro-
plate wells (7) using an HTS7000 Bio Assay Reader (Perkin Elmer) for the
fluorescence measurements. The hybridization temperature was 30°C.

Determination of mol% G+C content. For the determination of the mol%
G+C content, DNA was enzymatically degraded into nucleosides as described by
Mesbah and Whitman (30). The nucleoside mixture was separated by high-
performance liquid chromatography (HPLC) using a Waters SymmetryShield Cg
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TABLE 1. Consistencies and occult blood test results by age group
and gender for stools testing positive for C. troglodytis

Fecal occult

Accession no. Age group” Gender congits(igilc \ blood test
result

05-9149 (no. 3) Adult Female Firm Positive
05-9150 (no. 4)  Adult Female Firm Positive
05-9156 (no. 10)  Infant Female Loose Negative
05-9157 (no. 11)  Adult Male Firm Positive
05-9159 (no. 13)  Adolescent Male Firm Negative
05-9164 (no. 18)  Juvenile Female Loose Positive

“ Age groups: infant (0 to 3 years), juvenile (4 to 8 years), adolescent (9 to 14
years), and adult (>15 years) (32).
? Stool consistency was reported as firm, loose, or runny.

column maintained at 37°C. The solvent was 0.02 M (NH,)H,PO, (pH 4.0) with
1.5% acetonitrile. Nonmethylated A phage DNA (Sigma) was used as the cali-
bration reference.

Electron microscopy. Isolates identified as C. troglodytis were examined by
electron microscopy. Cells grown on blood agar for 48 h were gently suspended
in 10 mM Tris-HCI buffer (pH 7.4) at a concentration of about 10 cells per ml.
Samples were negatively stained with 1% (wt/vol) phosphotungstic acid (pH 6.5)
for 20 to 30 s. Specimens were examined with a Jeol model JEM-1200EX
transmission electron microscope operating at 100 kV.

Nucleotide sequence accession numbers. The 16S rRNA and hsp60 sequence
accession numbers in GenBank for the C. troglodytis sp. nov. type strain (MIT
05-9149) are HQ864828 and FN421420, respectively.

RESULTS

Prevalence of Campylobacter spp. in group 1 and group 2. All
fecal samples were firm in consistency, except for 6 in group
1, which were loose. Of these 6, two were positive for the
novel campylobacter (Table 1). Thirty-one of the 56 samples
in group 1 were positive for fecal occult blood, 4 of which
tested positive for the novel campylobacter (Table 1). The
age groups and genders of chimpanzees positive for the
novel campylobacter are provided in Table 1. All group 2
fecal samples were firm in consistency; 4 of the 15 samples
were positive for occult blood, 10 were negative, and 1
sample was not tested.

Of the 56 samples collected from chimpanzees at the Ma-
hale Mountains National Park (group 1), 19 and 49 were Cam-
pylobacter positive by culture and PCR analyses, respectively.
Although 8 samples from chimpanzees at Rubondo Island
(group 2) tested positive for Campylobacter by PCR, all sam-
ples were negative for Campylobacter spp. by culture.

Biochemical characterization. All isolates were positive for
catalase, oxidase, alkaline phosphatase, growth at 37 and 42°C,
growth on 1% glycine, and sensitivity to nalidixic acid (Table
2). All isolates were negative for urease, growth at 25°C, and
growth on 3% NaCl. Most isolates were positive for growth on
triphenyltetrazolium chloride (9/11), and 9/11 isolates were
also negative for selenite reduction and growth on 2% NaCl
and on 2% bile. Eight of 10 were negative for indoxyl acetate,
and 7/10 were negative for nitrate reduction. Only 1 isolate was
sensitive to cephalothin. Taking into account variable reac-
tions, similar results for biochemical tests were shared with C.
jejuni, Campylobacter hyointestinalis (both subspecies), Campy-
lobacter lari, Campylobacter rectus, and Campylobacter sputo-

ApPL. ENVIRON. MICROBIOL.

rum. It is notable that 3 isolates of C. troglodytis were positive
for hippurate hydrolysis.

16S rRNA sequence analysis. Using DNA extracted from
the culture, the16S rRNA gene was amplified and sequenced
for 6 out of the 17 samples that tested positive by both culture
and PCR. Analyses showed novel gene sequences in all 6, with
all strains being essentially identical; 2 isolates differed only by
a single base. Phylogenetic relationships based on 16S rRNA
sequence similarity values are shown in Fig. 1. By 16S rRNA
analysis, the novel campylobacter was most closely related to
the named species Campylobacter helveticus and Campylobacter
upsaliensis (94.7% and 95.9% similarity). It is also related to
two unclassified Campylobacter isolates from hamsters and cot-
ton topped tamarins (95.5% and 95.2% similarity; unpublished
observations), forming a distinct subcluster in the campylobac-
ter phylogenetic tree, as shown in Fig. 1.

Whole-cell protein and AFLP fingerprinting. The six strains
included in the biochemical analyses and an additional two
strains were chosen for whole-cell protein and AFLP finger-
printing. Data for Campylobacter reference strains were avail-
able from previous studies (5). Unexpectedly, the protein pro-
files of the eight strains revealed the presence of two
subgroups. The first subgroup comprised the strains MIT 05-
9149T, MIT 05-9159, MIT 05-9166, and MIT 05-9175; the
second subgroup comprised strains MIT 05-9150, MIT 05-
9156, MIT 05-9157, and MIT 05-9164. The protein profiles of
both subgroups were clearly different from each other and
from those of other Campylobacter species (Fig. 2). For two
strains (MIT 05-9166 and MIT 05-9175), repeated analyses
failed to generate good-quality AFLP profiles; the remain-
ing isolates again formed the same two subgroups (Fig. 3).
The two subgroups had very different AFLP profiles that
also allowed us to distinguish them from other Campylobac-
ter species.

hsp60 sequence analysis. Two strains of each subgroup
(MIT 05-9149" and MIT 05-9175 representing the first sub-
group and MIT 05-9156 and MIT 05-9157 representing the
second) were subsequently chosen for 4sp60 sequence anal-
ysis. Phylogenetic relationships based on hsp60 sequence
similarity values are shown in Fig. 4. By hsp60 sequence
analysis, both pairs of strains were again clearly different
from each other and from other Campylobacter species. The
nearest phylogenetic neighbors of subgroup 1 strains were
the subgroup 2 strains (87% similarity) and Campylobacter
avium (83%), C. upsaliensis (83%), C. helveticus (82%), and
Campylobacter cuniculorum (82%). The nearest phyloge-
netic neighbors of subgroup 2 strains were the subgroup 1
strains and C. avium (81%), C. upsaliensis (80%), C. helve-
ticus (80%), and C. coli (79%).

DNA-DNA hybridization experiments and determination of
the mol% G+C content. Strains MIT 05-9149T (subgroup 1)
and MIT 05-9157 (subgroup 2) exhibited a hybridization level
of 30%; their DNA base ratios were 34 and 38 mol%, respec-
tively.

Electron microscopy. By electron microscopy, the organisms
from both subgroups were curved, measured on average 2.5 to
3.0 pm by 0.25 to 0.3 wm, and had a single, nonsheathed polar
flagellum, although one flagellum at each end of the organism
was sometimes seen (Fig. 5).
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TABLE 2. Biochemical comparison of C. troglodytis and other Campylobacter spp.*

Sensitive
C Jobacter s Catalase  Oxidase Urease Nitrate Alkaline WMMMW_ Growth Growth Growth Hippurate QHO_,M\G "™ Growthin Growthin Selenite  Growth on :w_wmmxmn WM:NM__MM_MM
ampylobacter sp. reduction  phosphatase h . at25°C at 37°C  at 42°C  hydrolysis ! 1% bile 2% NaCl  reduction TTC . P
ydrolysis glycine acid (30 ng)
(30 pg)

C. troglodytis + (11/11)  + (11/11) - (A1/11) = (7/11) + (11/11) — (8/10) 0/11 11/11 11/11 - (811) + (1111) - (911) = (911) = (9/11) + (9/11) 10/10 1/10
C. avium weak + - + — + - + + + — \Y% — — — + _
C. canadensis \% + \'% A% — - — + + - A% M ND ND ND \Y4 +
C. cuniculorum + + - + - + - + M - - v — - v v F
C. coli + + - + - + - + + - + M - A + + -
C. consisus - Vv - F A% - — + M - F - F F - M +
C. curvis - + - + v \% - \'A v F + - \% - A% — +
C. fetus subsp. fetus” + + - + - - + + M - + + - M - \% +
C. fetus subsp. veneralis M + — + - - + + — — — + — _ _ F +
C. gracilis A\ - - M - A\ - = \% - + - A% - - v +
C. helveticus - + - + - + - + + - \% + - - - + +
C. hominis - + - - - - - + F - + ND + - ND A% +
C. hyointestinalis subsp. + + - + - - - + + - + + - + - - M

hyointestinalis
C. hyointestinalis subsp. + + - + F - - + + - v M - + - - +

lawsonni
C. insulaenigrae + + - + ND - - + - - + ND - ND ND - -
C. jejuni subsp. doylei’ \% + - - - + - + - + F + - - \% + +
C. jejuni subsp. jejuni + + - + - + - + + + + + - + + + -
C. lanienae + + - + + - - + + - - ND - + ND - _
C. lari + + A% + - - - + + - + + M + + A% -
C. lari subsp. concheus + ND ND ND ND ND ND ND + + + + -
C. mucosalis - + - - M - - + + - \% + + - - F +
C. peloridis + ND ND ND ND ND ND ND + - + ND M ND ND M M
C. rectus F + - + - + — —c F — + — \Y4 + _ F +
C. showae + \' - + - - - \%S v - \Y — + + - + +
C. sputorum v + Vb + - - - + + - + A% + + - F +
C. upsaliensis - + - + - + - + + - + + - + \% + M

“ 4,90 to 100% of strains positive; —, 0 to 10% of strains positive; F, 11 to 25% of strains positive; V, 26 to 74% of strains positive; M, 75 to 89% of strains positive; ND, not determined. Data for reference species
were taken from Lawson et al. (26), Logan et al. (28), On et al. (37), Foster et al. (8), Debruyne et al. (5), Rossi et al. (42), Stanley et al. (50), and Zanoni et al. (59).

b Strains of biovar paraureolyticus are urease positive; others are negative (34).

¢ These strains grow at 37°C under anaerobic conditions.
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4317} Human

Campylobacter curvus ATCC 352247 {L0O4313} Human
Campylobacter sputorum ss bubulus ATCC 33491 {L03219} Cow

Campylobacter rectus ATCC 332387 {LO
rl;“; Campylobacter showae ATCC 511467 {L06974} Human

67 {L04320} Human
C 131467 {AJ251584} Human

L Campylobacter concisus ATCC 332377 {L04322} Human

Pig

Campylobacter fetus ss fetus ATCC 273747 {L04314} Sheep

L14633} Cow

Campylobacter hyointestinalis ATCC 352177 {M65010} Pig

Human

Campylobacter canadensis L2667 {EF621894} Crane
Campylobacter lari CCUG 239477 {L04316} Gull
Campylobacter peloridis LMG 239107 {AM922331} Human

77 {AJ620504} Seal

Campylobacter lari ss concheus LMG 210097 {AM922330} Shellfish

04312} Pig
074} Cow

Campylobacter jejuni ss doylei CCUG 245677 {L14630} Human

Campylobacter cuniculorum CCUG 149137 {DQ400345} Rabbit

Campylobacter helveticus NCTC 124707 {U03022} Cat

Campylobacter upsaliensis CCUG 149137 {L14628} Dog

Campylobacter avium 86/06T {EU623473} Poultry

Campylobacter troglodytis MIT 05-9157 {HQ864829} Chimpanzee <—
Campylobacter troglodytis MIT 05-9149T {HQ864828} Chimpanzee <—

FIG. 1. Phylogenetic tree constructed from the 16S rRNA sequence similarity values. The scale bar represents 5% difference in nucleotide
sequences, determined by measuring the lengths of the horizontal lines connecting two species.

DISCUSSION

Members of the genus Campylobacter, currently comprising
some 20 species, are Gram-negative asaccharolytic bacteria
with microaerobic growth requirements and have a low G+C
content (24, 53). They are considered either to be biochemi-
cally inert or to have indistinct biochemical characteristics (46).
They colonize mucosal surfaces (the gastrointestinal tract, oral
cavity, or urogenital tract) of healthy and diseased humans,
livestock, domestic and wild animals, and birds, particularly
poultry. Most of these species have been associated with
disease in humans, with occurrence worldwide (9, 25, 49).
Food-borne and waterborne transmission from fecal con-
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Campylobacter spp. have been reported to be pathogenic in
various captive, domestic, and wild primate species (2, 15-17,
52). Studies to date suggest that C. jejuni occurs frequently in
nonhuman primates, particularly in juveniles, and is associated
with diarrhea (43, 44, 58). Morton et al. suggest that C. jejuni
is not a natural pathogen of wild macaques in Indonesia but
infects them postcapture (31). Campylobacters have been re-
ported in feces of both tourist-habituated and non-tourist-
habituated mountain gorillas (Gorilla beringei beringei) in
Uganda (18, 33).
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FIG. 2. Dendrogram and whole-cell protein profiles of eight chimpanzee strains and of type or reference strains of their nearest phylogenetic
neighbors. The similarity of the obtained normalized patterns was determined by the Pearson product moment correlation coefficient, and
clustering was performed by UPGMA.
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FIG. 3. Dendrogram representing the AFLP fingerprints of six chimpanzee strains and of type or reference strains of their nearest
phylogenetic neighbors. Similarity was determined by the Pearson product moment correlation coefficient, and clustering was performed by

UPGMA.

In this study, we isolated and identified a Gram-negative,
nonsporulating bacterium with microaerobic growth require-
ments from chimpanzees living in the wild but with frequent
contact with humans. Among the strains examined, two sub-
groups could be distinguished. Strains belonging to these sub-
groups had clearly different whole-cell protein and AFLP pro-
files, isp60 sequences, and DNA base compositions; however,
by 16S rRNA analysis, morphology, and biochemical criteria,
they were indistinguishable. A DNA-DNA hybridization value
of 30% in a representative strain of each subgroup demon-
strated that they represent distinct genomic species. The di-
vergence in 16S rRNA gene sequences toward C. upsaliensis
and C. helveticus and the unique whole-cell protein and AFLP
profiles convincingly demonstrate that these bacteria do not
belong to one of the established Campylobacter species. There-
fore, we believe that it is appropriate to classify both genomic
species into a single nomenspecies, for which we propose the
name Campylobacter troglodytis below.

Our finding of C. troglodytis is the first report of this possible
bacterial pathogen in the feces of wild chimpanzees. We found
C. troglodytis in the feces of all age groups (infant, juvenile,
adolescent, and adult) of M-group chimpanzees, in loose and
firm stools, and in stools that tested positive and negative for
fecal occult blood (Table 1). Other chimpanzees in the M
group have been observed to have loose stools with positive
and negative fecal occult blood tests. Factors including diet
and intestinal pathogens may account for loose stools, and
colitis from infectious or noninfectious diseases may account
for the presence of blood in the feces. For example, in the M
group residing at Mahale Mountains, various parasites, includ-
ing Bertiella, Oesophagostomum, Prosthenorchis, Strongyloides,
and Trichuris species, have been reported (13, 20, 22). In ad-
dition, rotavirus has been detected in the feces of M-group
chimpanzees (21). The potential pathogenicity of C. troglodytis
in wild chimpanzees should be investigated, and additional

studies should be conducted to determine if other potential
bacterial, viral, and helminth and protozoan pathogens may be
present in this population.

One of the nearest neighbors of C. troglodytis phylogenetically
is C. upsaliensis, a catalase-negative or weakly positive campylo-
bacter that was first described when it was isolated from dogs in
1983 and was then reported in cats in 1989 (9, 46). C. troglodytis
differs from C. upsaliensis in that C. troglodytis is negative for
nitrate reductase and indoxyl acetate hydrolysis. C. upsaliensis has
been reported to be a potential human pathogen, with reports of
gastroenteritis and bacteremia in healthy hosts and opportunistic
infections in immunocompromised individuals (11, 39, 56). Diar-
rheic disease in children in socially disadvantaged groups and day
care centers has also been reported (1, 11, 29). C. helveticus, also
isolated from domestic cats and dogs, has not been reported to
cause disease in humans (50, 56). Recently, C. avium has been
identified in birds, Campylobacter peloridis and C. cuniculorum in
humans and molluscs, and Campylobacter insulaenigrae in mam-
mals (5, 8, 42, 59). C. troglodytis may or may not be of human
origin, given that the feces of humans residing in this locale have
not been specifically cultured for the organism. Another distinct
possibility is that the bacterium colonizes the intestinal tracts of
other wild animals, including rodents and other species of non-
human primates. More studies are required to determine its host
distribution and pathogenicity.

Taxonomy. C. troglodytis sp. nov. (tro - glo - dy - tis) N.L. gen.
n. troglodytis of a chimpanzee (Pan troglodytes), from which the
bacterium was isolated. Cells are slender and slightly curved (0.2
by 2 to 3 wm). The bacterium is Gram negative and nonsporu-
lating, being motile with a single nonsheathed flagellum at one
end. Organisms grow on solid agar and appear as small pinpoint
colonies. The organism grows at 37°C and 42°C, but not at 25°C.
It is catalase and oxidase positive but hippurate, urease, and
indole acetate hydrolysis negative. It is gamma-glutamyl transpep-
tidase negative and alkaline phosphatase hydrolysis negative. It
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FIG. 4. Neighbor-joining phylogenetic tree based on partial 4sp60 gene sequences. Bootstrap values (500 replicates) higher than 60% are indicated
at the nodes.

does not reduce nitrate to nitrite and does not grow in 1% glycine.
It is susceptible to nalidixic acid and has intermediate suscepti-
bility to cephalothin. The type strain is MIT 05-9149 (CCUG
60849). Strain MIT 05-9157 is a representative of the second C.
troglodytis genomovar. Its hsp60 sequence accession number in
GenBank is FN421421. The DNA base ratios of strains MIT
05-9149™ and MIT 05-9157 are 34 and 38 mol%, respectively.
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